The study was conducted to investigate and estimate the yield of cotton crop residues (CCR) and to quantify the botanical composition of Bt and non Bt-cotton crop residues as also to obtain the intakes from the potentially available dry matter (PADM) from both types of CCR. The experiment was conducted in two localities (South Gezira and Um-Algura) in Gezira state, Sudan. While one animal herd was grazed on Bt-CCR in South Gezira locality, the other herd was grazed on non Bt-CCR in Um-Algura locality. The herds were selected as per the animal owner cooperation. CCR yield was estimated randomly by selecting different number of square meters by throwing the rope (14 times) each week and making the square meter by the rope itself. Week zero represents the period before introduction of animal herd to graze on Bt-CCR. From each square meter, cotton residues were cut at 10 cm above the earth level .The components of the crop residues were separated into leaves, bolls and tender branches and then weighed freshly and again after drying in an oven at 105ºC for 24 hours. The results revealed significant differences in PADM for intake, daily dry matter (DM) intake, crude protein in PADM, daily protein intake, and percent parts in the intake. Also, CCR from Bt-cotton was higher in total leaves and tender branches. Grazing of Bt-CCR may be recommended whenever its safety is proved.
C otton (Gossypium spp.) is the major natural textile fiber crop worldwide. In Sudan, cotton has been grown for centuries. The cotton plant is indigenous and a number of its wild relatives exist in various parts of the country. The big jump in cotton cultivation in Sudan was in 1926, which marked the functioning of the Gezira Scheme. Nearly 90% of the production is exported as raw fiber while the other 10% is locally consumed (Elfadil, 2009 ). Due to decline of grazing land, sheep and goats are let loose in the cotton fields for grazing by the farmers and shepherds after harvesting of the cotton (Reiser and Fu, 1962) , however, in Sudan, cows are communally grazed on cotton crop residues.
After the harvest of cotton, several residues are left in field such as stalks, side branches, leaves, bolls, and seeds with adhering cotton lint (Wuren Huang et al., 2012) . The amount of cotton crop residues, known under various names (e.g. cotton straw, cotton sticks, cotton wood), can range from 5 to 7 t/ha (Silanikove and Levanon, 1986) . As it often happens with crop residues, the quality of the material is highly variable. For instance, cotton crop residues are usually dry but some varieties grown under irrigation contain about 30% green leafy foliage even at the time of last picking of cotton (Narasa Reddy, 1985) . Cotton crop residues are abandoned as waste, but are often incinerated or ploughed into the soil as they may host insects that can infest the next cotton crop (El Saeidy, 2004; Wuren Huang et al., 2012; Silanikove and Levanon, 1986) . Cotton crop residues have been used as organic fertilizers for soil amendment and were shown to improve micro-organism activity and increase seedling growth (Wuren Huang et al., 2012) . Cotton wood (the thicker stems) is used as firewood (Suttie, 2000) . In Egypt, cotton stalks are transformed into briquettes for fire (El Saeidy, 2004) . Cotton stalks, leaves and unripe bolls may be grazed or taken to the homestead, chopped and dried for winter feed (Suttie, 2000) . Cotton crop residues are readily browsed by small ruminants. However, they should not be fed to livestock if pesticides residues in the plant are above the maximum residue levels determined by national or supranational authorities.
The introduction of Biotech or Bt cotton in Sudan enhanced cotton productivity and restored cotton as a main cash crop. The increase in area of Bt cotton between 2012 and 2014 is clear evidence that farmer experience was positive in the first year of planting in 2012 and has provided the incentive for a large increase in its adoption in 2014 (James, 2014) . Several studies showed that the amount of expression of Bt protein in cotton plant is in very minute proportion and its action is limited to certain larval species and may not cause toxicity to mammals (Betz et al., 2000) .
In some eports on genetically modified crops as animal feed included examples such as Bt-corn silage (Calsamiglia et al., 2007; Steinke et al., 2010) , Soybean and cotton seeds (Singhal et al., 2006) have been cited. Many authors agreed that transgenic crops did not affect milk production and composition (Singhal et al., 2006; Calsamiglia et al., 2007) . While some authors reported certain effect on milk composition. For instance, Steinke et al. (2010) reported higher contents of milk fat, lactose and proteins; and Calsamiglia et al. (2007) found an increase in the contents of milk protein, lactose and SNF. However, Tudisco et al. (2015) recorded a dramatic reduction on average protein content in the colostrum and reduced fat, when goats were fed on GM soybean.
Generally, in the available literature, information on the effects of grazing on cotton crop residues (CCR), either Bt or non-Bt CCR, on feed characteristics of these products is lacking. Keeping this in view, the present study was designed with the objectives to estimate yield and quantify botanical composition of Bt and non Bt-cotton crop residues (ton/ ha), obtain intakes from the potentially available dry matter (PAD) fom both types of CCR and to determine the intake composition of each type of CCR.
MATERIALS AND METHODS

The study area
Gezira State is located south-west of Khartoum state. The state lies between latitude 32°13ˊ and 30°15ˊ N and longitude 22°32ˊ and 20°43ˊ E . It covers an area of about 27545 km 2 of which around 90% can be utilized for agriculture. It has a virtually flat relief, with slight tilt of the ground sloping gently from south to the north, which made possible the construction of a gravity-based irrigation system that covers all of the Gezira scheme. Gezira scheme which is a part of the state was mainly constructed for cotton production. Rainfall is characterized by high degree of spatial and temporal variability of wet and dry decades from season to season as well as within the same season. The state is divided into eight localities. South and Um-Algura localities were selected according to animal owner acceptance for conducting this research.
Grazing experiment
The experiment was conducted in two localities of Gezira state where cotton crop was cultivated. This included, South Gezira locality (Al-Madina Arab) and Um-Algura locality. In Um-Algura locality, a herd of 25 animal units (AU), 12.6 animal units of them were milking, were grazed on non-Bt CCR. In South locality, a herd of 22 animal units (AU), 11.2 animal units of them were milking, were grazed on Bt CCR (Bt means Bacillus thuringiensis). The lactating cows in the herds of Um-Algura and South Gezira were 50.4% and 51%, respectively. The herd in each of the localities was of mixed breeds (local and crosses between local and Friesian cows).
Estimation of cotton crop residues
Cotton crop residue yield was estimated by selecting different number of square meter by throwing a rope for fourteen times and making the square meter by the rope itself. This procedure was repeated in each week of the five weeks of experiment. Week zero represents the period before introduction of animals to graze on CCR. Intake of CCR in week-1 was obtained by difference between CCR in weekzero and that in week -1. While the intake in each week of the other weeks was estimated in the same manner as that of week-1. From each square meter, cotton residues were cut by sickle at 10 cm above the ground level .The components of the crop were separated into leaves, bolls and tender branches and then weighed freshly and again after drying in an oven at 105°C for 24 hours using digital scale. Accordingly, percentage of each component in both CCR yields and the intake were obtained.
Statistical analysis
Means and differences between means of estimation of cotton crop residues, potentially available dry matter, intake, total crude protein and intake from crude protein were performed using SPSS.
RESULTS AND DISCUSSION
Amount of cotton crop residue (CCR) presented in the result of this study (Table1) was significantly different between Bt and Non-Bt cotton type. The yield of CCR from non-Bt was higher (5.86 t/ha) than that of Bt cotton (5.5 t/ha). The CCR in the range of 5-7 t/ha was reported by Silanikove and Levanon (1986) and that of 4.9t/ha estimated by UNDP, RBASE (1991) in Sudan.
When botanical composition of CCR in both Bt and non-Bt was compared, the leaves of Bt CCR were more than in non Bt-CCR (39.5 vs 46.9%), while the bolls in non-Bt CCR were more than that of Bt CCR( 40.9 vs 31.5%). The reasons for these differences is not clear but it may be due to agricultural practices or type of cotton itself (Bt vs non Bt). However, estimates for comparison of botanical components of CCR were lacking at least in the available literature.
Total daily dry matter intake (DMI) represented by the area between the curve of initial yield in week -0 and the curve of remaining DM of CCR in different weeks for both Bt and non-Bt-CCR is shown in Fig.1 and Fig.2 . It is clear from the figures that the difference between the total yield and the remaining CCR in different weeks is greater in non Bt-CCR. This means that the total intake of CCR is greater in non Bt-CCR as compared to Bt-CCR. However, the total daily DM intake in week 1 was significantly higher in non-Bt CCR ( Table 2 ). The calculated intake (Table 3 ) of 20.7g/kg LWt (10.335kg/AU) in Bt and 21.3g/kg LWt (10.665 kg/AU) in non-Bt CCR in this study was quite similar to the fresh matter intake from CCR of 23.6g/kg reported by Rossi (2007) . It is apparent that there is a clear variation between the total daily DM intake between the weeks. This may be due to the feed selection according to its botanical composition.
When the composition of daily DM intake from the different components of CCR of the same week was compared (Table 6 ), it was found that percent intake from leaves of Bt-CCR was higher than that of non Bt-CCR. The calculated foliage represented the higher percentage of the intake (59.9% in Bt and 59.2% in non-Bt CCR) in the first week of the grazing period, where all leaves were consumed.
However, in the intake of the second week, bolls represent 97 and 52.4% of the intake from Bt and non Bt CCR, respectively. The calculated intake of 3.8 g/kg/Wt (1.914 kg/ AU) in Bt and 7.6 g/kg/Wt (3.804Kg\AU) in non-Bt CCR in week-2 of this study was lower than that of DMI of 23.6g/ kg CCR reported by Rossi (2007) . This lower intake in both week 2 and 3 was due to the depletion of grazable CCR. It is worth mentioning that the boll content was found higher in botanical composition of both Bt and non Bt-CCR and the intake was higher only in non-Bt CCR.
The CCR intake recorded in this study was almost comparable with the CCR intake (Table 3) reported by Rossi (2007) . However, it is obvious from the Table 3 that the intake from rice straw reported by Owen and Jayasuriya (1989) and sorghum straw reported by ElObied and Ali (2013) was higher than that of CCR in the present study. This may indicate that CCR may be a little bit unpalatable. However, Kirubanath et al. (2003) indicated that the unprocessed cotton straw was less palatable and had a slower rate of passage through the rumen than the processed straw.
Estimate of yield of total crude protein (CPY) of CCR in both Bt and non-Bt cotton was lacking in the literature. The yield of total CP in week -0 was significantly higher in Bt CCR (Table4). It was clear that CPY in leaves and bollswas also higher in Bt-CCR, while it was higher only in tender branches in non Bt-CCR. The same trend was also noticed in week-1. However in the other weeks where the animals began to graze on CCR, the picture was variable due the natural grazing habits.
As the objective of this study was to investigate the effect of Bt-CCR on feed intake characteristics, investigation of protein intake is important where cry protein is a key factor in insect resistance and herbicide tolerance in GM crops. This may represent a foreign protein component and may or may not have some impacts on feed protein characteristics.
was lacking at least in the available literature. Estimate of total daily protein intake from Bt-and non Bt -CCR (Table  5 ) revealed that total CP was significantly higher (P<0.01) in Bt-CCR, but the total daily protein intake was higher in non Bt-CCR in week-1. This is mainly due to greater increase in the total intake from tender branches. Daily protein intake of leaves and bolls from Bt-CCR and non Bt-CCR in the same week were significantly higher in Bt-CCR, while daily protein intake of tender branches in the same week was found to be significantly higher in non Bt-CCR . In week-2, CP intake in non Bt -CCR was almost two times of that from non Bt-CCR. While almost half of the intake in non Bt-CCR in this week (week-2) was from bolls, the other half was from tender branches. The CP intake in Bt-CCR in the same week was solely from tender branches. In week-3, the grazing substance was depleted and only negligible intake was reported in non Bt-CCR. Estimates of percent of separate botanical parts in CCR intake (leaves, bolls and tender branches) are shown in Table  6 . The percent botanical parts of the intake in week 1 of this study was higher in bolls only in non -Bt CCR. Despite that, it was lower in leaves and tender branches as compared to Bt-CCR. However, in week 2, the intake from Bt-CCR contained higher bolls and lesser tender branches as compared to non -Bt CCR. In both the CCRs, the intake from leaves was zero in the same week. In week 3, the intake was meager in nonBt CCR and there was no intake in Bt-CCR. It is apparent from the result that, there was no intake from bolls in Bt -CCR and all of the intake was from tender branches (though negligible). However, in non Bt -CCR in the same period, there was more intake from bolls and less intake from tender branches as compared to Bt-CCR.
The study addressed the effects of grazing on Btcotton crop residues on feed intake characteristics by dairy cows in Gezira State, Sudan. Based on the findings it could be concluded that when compared to non-Bt cotton crop residues, Bt cotton crop residues were lower in total residue yield, daily DM intake and in vitro DM digestibility. However, bot cotton crop residues were higher in total crude protein and their intake. 
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